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DESCRIPTION 

APPA RATUS AND METHOD FOR DETECTING POSITION OF WHEEL TILTING^ 
ANGLE ADJUST MENT MF.MRp.P^ AXT.R-SHA PED WORK ADJUSTMENT APPARATUS, 
5 AND AXLE-SHAPED WORK SETTING METHOD 

TECHNICAL FIELD 

The present invention relates to an apparatus and method 
for detecting a position of a wheel tilting angle adjustment 

10 member which adjusts a tilting angle of a wheel, an axle- 
shaped work adjustment apparatus which adjusts an axle-shaped 
work by using an open-end wrench which includes a rotating 
unit engaged with the axle-shaped work, such as the wheel 
tilting angle adjustment member at a front end of the open-end 

15 wrench, and an axle-shaped work setting method for setting the 
axle-shaped work in the open-end wrench. 

BACKGROUND ART 

In the conventional art, when the tilting angle of the 

20 wheel, e.g. a toe angle of the wheel is adjusted, a vehicle is 
caused to make an entry into an adjustment station to seat the 
wheel on a floating table, and a length of a tie rod which is 
a wheel tilting angle adjustment member coupled to the wheel 
is adjusted with a tie-rod adjustment apparatus including an 

25 open-end wrench having a rotating unit at the front end (For 
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example, Japanese Patent Application Laid-Open No. 2000- 
289640) . 

Specifically, as shown in Fig. 14, a tie rod A includes 
a rod main body Al which is coupled to a relay rod B 
5 interlocking with a steering wheel through a ball joint Bl and 
a rod end A2 which is coupled to a steering knuckle arm C, in 
which the wheel is journaled, through a ball joint CI. The tie 
rod A is whirl-stopped by a locknut A3 while an end portion of 
the rod main body Al is screwed in the rod end A2 . A tool 

10 engagement portion A4 which is engaged with the open-end 

wrench of the tie-rod adjustment apparatus is formed in the 
rod main body Al . The length of the tie rod A is adjusted by 
rotating the tool engagement portion A4 with the rotating unit 
of the open-end wrench to change an engagement depth of the 

15 rod main body Al with respect to the rod end A2, thereby 
performing the toe adjustment of the wheel. 

The tie-rod adjustment apparatus includes the open-end 
wrench which has the rotating unit at an front end, a support 
mechanism which supports the open-end wrench while the open- 

20 end wrench is freely moved in vehicle-width and vehicle-length 
directions of an automobile, freely tilted in the vehicle- 
width direction, and freely rotated about an axial line in a 
longitudinal direction of the open-end wrench, and a carriage 
which elevates the support mechanism and the open-end wrench 

25 from a lower portion of the automobile stopped at a home 
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position of an adjustment station or the like toward the tie 
rod. When the tie rod is adjusted with the tie-rod adjustment 
apparatus, at first an operator gets under the vehicle to 
visually observe the tie rod, and the operator moves the open- 
5 end wrench in the vehicle-width and vehicle-length directions 
in accordance with a position of the tie rod by utilizing 
action of the support mechanism. Further, the operator tilts 
the open-end wrench in the vehicle-width direction in 
accordance with the inclination in a vertical direction of the 

10 tie rod while rotating the open-end wrench about an axial line 
in the longitudinal direction of the open-end wrench in 
accordance with the inclination in a vehicle-length direction 
of the tie rod. Thus, the rotating unit at the front end of 
the open-end wrench is engaged with the tie rod so that the 

15 rotating axial line of the rotating unit is caused to coincide 
with the axial line of the tie rod. Then, the tie rod is 
rotated by the rotation of the rotating unit to thereby adjust 
the length of the tie rod. 

20 DISCLOSURE OF INVENTION 

When the open-end wrench of the conventional tie-rod 
adjustment apparatus is engaged with the tool engagement 
portion A4 of the tie rod A, in order to deal with 
irregularity in a position of the tie rod A caused by the 

25 irregularity in an entry position of each vehicle or 
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difference in a relative position of the tie rod A with 
respect to the wheel of each vehicle type, the operator gets 
under the vehicle to visually observe the tie rod A, and the 
operator manually moves the open-end wrench in the vehicle- 
5 width and vehicle-length directions in accordance with a 
position of the tie rod A to thereby perform position 
adjustment. However, this position adjustment work compels the 
operator to keep posture of the visual observation in the 
upward direction for a long time, so that physical burden 

10 imposed on the operator is very large. Therefore, fully 

automated position adjustment work is strongly demanded. To 
this end, means for detecting the position of the wheel 
tilting angle adjustment member, such as the tie rod A is 
required instead of the visual observation by the operator. 

15 In the conventional tie-rod adjustment apparatus 

mentioned above, when the open-end wrench is engaged with the 
tie rod, sometimes the rotating axial line of the rotating 
unit at the front end of the open-end wrench does not coincide 
accurately with the axial line of the tie rod, because the 

20 operator decides whether the engagement state is right or 

wrong by visually observing the engagement portion. Therefore, 
there is a problem that overload is applied to the rotating 
unit for rotating the tie rod depending upon the engagement 
between the open-end wrench and the tie rod. 

25 In view of the foregoing, a first task of the present 



invention is to provide an apparatus and method for detecting 
a position of a wheel tilting angle adjustment member, which 
can detect the position of the wheel tilting angle adjustment 
member in accordance with the irregularity in a position of 
5 the wheel tilting angle adjustment member caused by the 
irregularity in an entry position of each vehicle or the 
difference in a relative position of the wheel tilting angle 
adjustment member with respect to the wheel of each vehicle 
type without visual observation by an operator. 

10 A second task of the present invention is to provide an 

axle-shaped work adjustment apparatus and an axle-shaped work 
setting method, which can cause the rotating axial line of the 
rotating unit at the front end of the open-end wrench to 
coincide accurately with the axial line of the axle-shaped 

15 work without the visual observation by the operator, when the 
open-end wrench is engaged with the axle-shaped work, such as 
a tie rod. 

In order to attain the first task, the present invention 
is characterized by including a table on which a wheel mounted 

20 on a vehicle is seated through a wheel tilting angle 

adjustment member for adjusting a tilting angle of the wheel, 
the table being freely floated in an arbitrary horizontal 
direction, table position detection means for detecting a 
position in a horizontal direction of the table, and adjusting 

25 member position calculating means for calculating the position 
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of the wheel tilting angle adjustment member coupled to the 
wheel seated on the table on the basis of the detected 
position in the horizontal direction of the table. 

In accordance with the present invention, even when 
5 irregularity in an entry position is generated in each vehicle, 
the horizontal direction position of the table on which the 
wheel of the entry vehicle is seated is detected by the table 
position detection means, and the position of the wheel 
tilting angle adjustment member is calculated on the basis of 

10 the detection result, so that the position of the wheel 

tilting angle adjustment member can be detected without visual 
observation by the operator. 

In this case, it is also possible to include storage 
means in which relative position information on the wheel 

15 tilting angle adjustment member with respect to the wheel is 

stored, the relative position information being previously set 
for each vehicle type, wherein the adjusting member position 
calculating means calculates the position in the horizontal 
direction of the wheel seated on the table from the position 

20 in the horizontal direction of the table which is detected by 
the table position detection sensor, and the adjusting member 
position calculating means calculates the position of the 
wheel tilting angle adjustment member on the basis of the 
calculated position in the horizontal direction of the wheel 

25 and the relative position information stored in the storage 
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means. Alternatively, it is also possible to include storage 
means in which relative position information on the wheel 
tilting angle adjustment member with respect to the wheel in a 
state in which the wheel is seated on the table is stored, the 
5 relative position information being previously set in each 
vehicle type, wherein the adjusting member position 
calculating means calculates the position of the wheel tilting 
angle adjustment member on the basis of the position in the 
horizontal direction of the table which is detected by the 

10 table position detection means and the relative position 

information stored in the storage means. In accordance with 
the present invention, the position of the wheel tilting angle 
adjustment member can be detected in accordance with 
difference in a relative position of the wheel tilting angle 

15 adjustment member with respect to the wheel in each vehicle 
type by storing the relative position information on the 
vehicle making an entry onto the table in the storage means. 
Further, it is preferred that the pieces of relative position 
information are stored in the storage means corresponding to a 

20 plurality of vehicle types respectively, and the adjusting 

member position calculating means calculates the position of 
the wheel tilting angle adjustment member on the basis of the 
relative position information in accordance with the vehicle 
type on the table. 

25 -In order to attain the second task, the present 
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invention is characterized by including an open-end wrench 
which has an insertion groove into which an axle-shaped work 
is inserted in a radial direction at a front end portion, a 
part of or the whole of the insertion groove being formed by 
5 an engagement groove engaged with a tool engagement portion of 
the axle-shaped work which is formed in a rotating member 
journaled in the front end portion while freely rotated, the 
open-end wrench normally and reversely rotating the axle- 
shaped work by normally and reversely rotating the rotating 

10 member while the tool engagement portion is engaged with the 
engagement groove, detection means for detecting whether or 
not the objects are present near both ends of a bottom surface 
of the insertion groove, respectively, a drive mechanism which 
can drive the open-end wrench so that an angle of a rotating 

15 axial line of the rotating unit of the open-end wrench is 

changed with respect to an axial line of the axle-shaped work 
while the axle-shaped work is inserted in the insertion groove, 
and drive mechanism controlling means for controlling the 
drive mechanism to cause the rotating axial line of the 

20 rotating unit to coincide with the axial line of the axle- 
shaped work so that the detection means detects the presence 
of the axle-shaped work near both the ends of the bottom 
surface of the insertion groove when the axle-shaped work is 
inserted into the insertion groove. 

25 In the present invention, when the axle-shaped work is 



inserted in the insertion groove, the detection means detects 
whether or not the object, i.e. the axle-shaped work is 
present on both the ends of the bottom portion of the 
insertion groove in the open-end wrench. When the axle-shaped 
5 work is not present on one of the both ends, the drive 

mechanism controlling means controls the drive mechanism to 
change the angle of the rotating axial line of the rotating 
unit in the open-end wrench with respect to the axial line of 
the axle-shaped work, and the axle-shaped work is configured 

10 to be detected on both the ends. Therefore, the state in which 
the axle-shaped work is detected on both the ends, i.e. the 
state in which the rotating axial line of the rotating unit of 
the open-end wrench coincides with the axial line of the axle- 
shaped work is obtained. Consequently, the rotating axial line 

15 of the rotating unit at the front end of the open-end wrench 
can be caused to coincide accurately with the axial line of 
the axle-shaped work without visual observation by the 
operator . 

It is also possible that the drive mechanism is 
20 configured to be capable of rotating the open-end wrench about 
the axial line in a longitudinal direction of the open-end 
wrench and be capable of tilting the open-end wrench in a 
predetermined direction . 

25 BRIEF DESCRIPTION OF DRAWINGS 
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Fig. 1 a plan view showing a configuration of an 

embodiment of the present invention; 

Fig. 2 is a perspective view showing a table and a 
vehicle; 

5 Fig. 3 is a front sectional view of the table; 

Fig. 4 is a side view of the table; 

Fig. 5 is a perspective view of a tie-rod adjustment 
apparatus; 

Fig. 6 is an enlarged sectional view of an open-end 
10 wrench; 

Fig. 7 is a left side view of Fig. 6; 

Fig. 8 is a right side view of Fig. 6; 

Fig. 9 is an enlarged sectional view taken on line IX-IX 
of Fig. 6; 

15 Fig. 10 is an enlarged sectional view taken on line X-X 

of Fig. 6; 

Fig. 11 is an enlarged perspective view of a support 
mechanism; 

Fig. 12 is a view showing an X-Y coordinate system of an 

20 adjustment station 1; 

Fig. 13 is a view showing a tilting control of the open- 
end wrench; and 

Fig. 14 is a perspective view of the wrench. 

2 5 BEST MODE FOR CARRYING OUT THE INVENTION 

10 



Referring to Fig. 1 to Fig. 14, an embodiment of the 
present invention will be described below. 

Fig. 1 shows an adjustment station 1 on which a vehicle 
W is carried to adjust a toe angle of wheels 2 mounted on the 
5 vehicle W. In the adjustment station 1, as shown in Fig. 2, 

four tables 3 for seating the wheel 2 of the vehicle W carried 
are provided corresponding to the number of wheels 2. On the 
inside in a vehicle-width direction of the two tables 3 for 
seating front wheels 2 in the four tables T, two tie-rod 
10 adjustment apparatus 4 which adjust the toe angles of front 
wheels 2 by adjusting a length of a tie rod A (see Fig. 14) 
coupled to the front wheel 2 seated on the two tables 3 are 
provided corresponding to the two tables 3 for the front 
wheels . 

15 Referring to Fig. 3 and Fig. 4, the table 3 is supported 

by a frame body 301 which can be displaced in the vehicle- 
width direction (arrow a direction) through a guide rail (not 
shown) . A first table 303 which can be displaced in a vehicle- 
length direction (arrow b direction) through guide rails 302 

20 is placed on the frame body 301. In the frame body 301 and the 
first table 303, positions are adjusted in accordance with a 
vehicle width and a vehicle length of the vehicle W which is a 
measurement ob j ect . 

A second table 305 which can be displaced in the 

25 vehicle-width direction (arrow a direction) through a guide 
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rail 304 is placed on the first table 303. The second table 
305 is one which corrects a positional difference when the 
vehicle W enters the table 3. In the second table 305, a 
support shaft 306 is supported while the support shaft 306 can 
5 be rotated in an arrow c direction through a bearing 307. A 
rotary encoder 308 for detecting a rotational angle of the 
support shaft 306 is coupled to a lower end portion of the 
support shaft 306 through a bracket 309. 

A third table 311 which can be rotated in the arrow c 

10 direction through a bearing 310 is placed on the second table 
305. A gear 313 is provided on an outer periphery of an outer 
member 312 of the bearing 310 fixed to the third table 311. On 
the other hand, a motor 315 is fixed to the second table 305 
through a reduction gear mechanism 314, and a gear 316 coupled 

15 to the reduction gear mechanism 314 is engaged with the gear 
313 on the outer periphery of the outer member 312. A brake 
cylinder 318 is mounted on the second table 305 through a 
bracket 317, and it is arranged such that the rotation of the 
third table 311 relative to the second table 305 can be 

20 prevented by pressing a brake plate 320 mounted on a cylinder 
rod 319 of the cylinder 318 against the third table 311. 

A pair of wheel clamping mechanisms 322 opposing to each 
other is placed on the third table 311 through a guide rail 
321, and the pair of wheel clamping mechanisms 322 is 

25 connected to each other by a pantograph mechanism 323. In one 



of the pair of wheel clamping mechanisms 322, a drive cylinder 
-324 which displaces the other wheel clamping mechanism 322 
along the guide rail 321 in an arrow e direction relative to 
the third table 311 is provided, and the pair of wheel 
5 clamping mechanisms 322 is configured to be able to be always 
brought close to and separated from each other in a symmetric 
manner with respect to the support shaft 306 by action of the 
drive cylinder 324. The wheel clamping mechanism 322 has a 
support member 325 folded in a substantial L-shape, a bracket 

10 327 which can be displaced in an arrow d direction along a 

guide rail 326 provided on a side face extending in a vertical 
direction of the support member 325, two clamping rollers 328 
attached to the bracket 327, and an elevating cylinder 329 of 
the bracket 327. In this case, the clamping rollers 328 are 

15 arranged so as to abut on a tire side face 201 of the wheel 2 
in a substantially inverse V-shape. 

A wheel hold stage 331 is placed on the first table 303 
through a guide rail 330 while the wheel hold stage 331 can be 
displaced in the arrow a direction. A support shaft 333 is 

20 supported by the wheel hold stage 331 through a bearing 332 
while the support shaft 333 can be rotated in the arrow c 
direction, and a wheel support roller 335 is supported onto 
the support shaft 333 through a bracket 334. 

On the other hand, a fourth table 336 is placed on an 

25 upper end portion of the support shaft 306, and a toe 
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detection device 338 is provided on the fourth table 336 
through a guide rail 337. The toe detection device 338 has a 
support member 339 folded in a substantial L-shape, a drive 
cylinder 340 which displaces the support member 339 in an 
5 arrow f direction along the guide rail 337, a bracket 343 

which can be displaced in the arrow d direction along a guide 
rail 341 provided on the side face extending in the vertical 
direction of the support member 339 by an elevating cylinder 
342, and two sets of sensing units 344 which are attached to 

10 the bracket 343. 

In this case, the sensing unit 344 has a fifth table 345 
which is attached while the fifth table 345 can be displaced 
in the arrow d direction relative to the bracket 343, and two 
rollers consisting of a first roller 346 and a second roller 

15 347 are attached to the fifth table 345. The first roller 346 
is arranged to be moved on a rim upper surface portion 203 
from a rim flange 202 while rotated, and the second roller 347 
is arranged to be moved along the rim flange 202 while rotated. 
The wheel hold stage 331 is formed by a rectangular 

20 plate body in which a short side is set in the arrow a 

direction and a long side is set in the arrow b direction, and 
a hole into which the bearing 332 is inserted is made in the 
center of the plate body. A laser sensor (optical gauge 
interferometer) 5a is provided on one side 331a of two side 

25 faces parallel to the arrow a direction of the wheel hold 
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stage 331, and the laser sensor 5a is fixed so that a laser 
beam is vertically incident to the side face 331a. Therefore, 
one side face 331a of the wheel hold stage 331 is used as an 
a-direction position detection object surface 331a, and a 
5 distance between the laser sensor 5a and the a-direction 
position detection object surface 331a can be detected. 
Further, a laser sensor 5b is provided on one side 331b of two 
side faces parallel to the arrow b direction of the wheel hold 
stage 331, and the laser sensor 5b is fixed so that the laser 

10 beam is vertically incident to the side face 331b. Therefore, 
one side face 331b of the wheel hold stage 331 is used as a fa- 
direction position detection subject surface 331b, and the 
distance between the laser sensor 5b and the b-direction 
position detection subject surface 331b can be detected (table 

15 position detection means) . The laser sensors 5a and 5b are 

connected to a control computer 6, and detected distance data 
between the laser sensor 5a and the a-direction position 
detection object surface 331a and detected distance data 
between the laser sensor 5b and the b-direction position 

20 detection subject surface 331b are transmitted to the control 
computer 6. 

Relative position data (Xi, Yi) of the tie rod A with 
respect to the wheel 2 to which the tie rod A is coupled, size 
data (X 2 , Y 2 ) of the short side and the long side of the wheel 
25 hold stage 331, a-direction position data X3 of the position 

15 



where the laser sensor 5b is fixed, and b-direction position 
data Y 3 of the position where the laser sensor 5a is fixed are 
stored in ROM (Read Only Memory) in the control computer 6 
(storage means) . The relative position data of the tie rod A 
5 is stored in accordance with each of the right and left front 
wheels in each vehicle type. Values of the relative position 
data (Xi, Yi) of the tie rod A, the size data (X 2 , Y 2 ) of the 
wheel hold stage 331, and the position data X 3 and the position 
data Y3 of the laser sensors are based on a predetermined two- 

10 dimensional coordinate system (X, Y) which includes an origin 
O set at a predetermined position in the adjustment station 1, 
an X-axis parallel to the arrow a direction, and a Y-axis 
parallel to the arrow b direction (see Fig. 2). 

As shown in Fig. 5, the tie-rod adjustment apparatus 4 

15 includes an open-end wrench 7, a support mechanism 8 (a drive 
mechanism) , and a carriage 9 which elevates the support 
mechanism 8 and the open-end wrench 7 from the lower portion 
of the automobile W toward the tie rod A. In the open-end 
wrench 7, an insertion groove 700 into which the tie rod A can 

20 be inserted in a radial direction is provided at a front end 

portion. The support mechanism 8 supports the open-end wrench 
7 while the open-end wrench 7 is freely moved in the vehicle- 
width direction and the vehicle-length direction of the 
automobile W, freely tilted in the vehicle-width direction, 

25 and freely rotated about an axial line in a longitudinal 
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direction of the open-end wrench 7. Fig. 5 shows the tie-rod 
adjustment apparatus 4 for the right-side front wheel. 

As shown in Fig. 6 to Fig. 10, the open-end wrench 7 is 
formed by a double-head wrench in which a nut rotating unit 71 
5 for rotating a locknut A3 of the tie rod A and a rod rotating 
unit 72 engaged with a tool engagement portion A4 of the tie 
rod A to normally and reversely rotate a rod main body Al are 
provided at the front end portion of a wrench main body 70. 

The nut rotating unit 71 includes a rotating body 710 

10 journaled in a movable casing 701 which is supported by the 

wrench main body 70 while freely moved in the axial direction 
of the tie rod A. The rotating body 710 is sandwiched between 
side plate portions 701a and 701a located on both sides in the 
axial direction of the movable casing 701, and the rotating 

15 body 710 is freely journaled about an axial line L concentric 
with a circular hole 701b by forming the circular holes 701b 
and 701b respectively concentric with the side plate portions 
701a and 701a to fit each shaft portion 710a projected toward 
both sides in the axial direction of the rotating body 710 

20 into each circular hole 701b. 

While a notch 701c into which a rod end A2 is inserted 
is formed at the front end of each side plate portion 701a of 
the movable casing 701 so that the notch 701c reaches the 
circular hole 701b, an engagement groove 710b for the rod end 

25 A2 which is opened toward an outer peripheral surface is 
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formed in the rotating body 710. When a phase of the 
engagement groove 710b of the rotating body 710 is set equal 
to the phase of the notch 701c, the rod end A2 can be inserted 
in the radial direction into the engagement groove 710b 
5 through the notch 701c. A plate-shaped work guide 702 is 
screwed in an outside face of the side plate portion 701a 
located outside in the axial line L of the movable casing 701, 
and a groove 702a into which the rod end A2 can be inserted in 
the radial direction is also formed in the work guide 702. A 

10 bottom portion of the groove 702a is formed in a semicircle 

concentric with the center of the circular hole 701b which is 
a rotating axial line of the rotating body 710, and a diameter 
of the bottom portion of the groove 702a is equal to an outer 
diameter of the rod end A2 . 

15 A socket portion 710c into which the locknut A3 can be 

inserted in the axial direction is provided in the rotating 
body 710. A plurality of dies 710d which can be engaged with 
the locknut A3 are attached in the socket portion 710c so that 
the locknut A3 can be rotated by the rotation of the rotating 

20 body 710. At this point, the rotating body 710 is rotated in 
both normal and reverse directions by driving means 73. The 
driving means 73 includes a nut runner 730 which is a drive 
source mounted on a base end portion of the wrench main body 
70, a drive gear 732 which is journaled in a portion near the 

25 movable casing 701 of the wrench main body 70 and driven by 
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the nut runner 730 through a chain 731, a pair of driven gears 
733 and 733 which is journaled in the movable casing 701 so 
that the pair of driven gears 733 and 733 is meshed with a 
teeth portion 710e formed in an outer periphery of the 
5 rotating body 710, and first and second intermediate gears 734 
and 735 which are journaled in the movable casing 701 so that 
the drive gear 732 is coupled to the driven gears 733 and 733. 

A bracket 703 located outside in the axial direction of 
the nut rotating unit 71 is attached to the wrench main body 

10 70. Between the bracket 703 and the fixed casing 704 to be 

mentioned below, a pair of support shafts 705 and 705 for the 
driven gears 733 and 733 and a support shaft 706 for the first 
intermediate gear 734 is laterally provided by piercing them 
through the movable casing 701. Therefore, the movable casing 

15 701 is configured to be supported while freely moved in the 

axial direction through these support shafts 705, 705, and 706. 
A cylinder 74 is mounted to the side plate portion 701a 
located outside in the axial direction of the movable casing 
701, and a piston rod 74a of the cylinder 74 is coupled to the 

20 fixed casing 704 while commonly used for the support shaft of 
the second intermediate gear 735. Therefore, the cylinder 74 
moves forward and backward the movable casing 701 toward the 
locknut A3 in the axial directions, and the socket portion 
710c can be engaged and disengaged with the locknut A3 by the 

25 forward and backward action. The drive gear 732 is formed in a 



long shape in the axial direction so that the first 
intermediate gear 734 does not leave the drive gear 732 even 
when the movable casing 701 is moved in the axial direction. 
The rod rotating unit 72 includes a pair of first and 
5 second rotating bodies 721 and 722 which is journaled in the 

fixed casing 704 fixed to the wrench main body 70. As shown in 
Fig. 6, the rotating bodies 721 and 722 are sandwiched between 
side plate portions 704a and 704a on both sides in the axial 
direction of the fixed casing 704 while fitting each other. 

10 The rotating bodies 721 and 722 are freely journaled about the 
axial line L concentric with the rotating axial line of the 
rotating body 710 of the nut rotating unit 71 by forming 
circular holes 704b and 704b concentric with the circular hole 
701b of the movable casing 701 in the side plate portions 704a 

15 and 704a to fit shaft portions 721a and 722a projected toward 
the outside face in the axial direction of each of the 
rotating bodies 721 and 722 into each circular hole 704b. 

While a notch 704c into which the tool engagement 
portion A4 of the tie rod A, which is an axle-shaped work, is 

20 inserted is formed at the front end of each side plate portion 
704a of the fixed casing 704 so that the notch 704c reaches 
the circular hole 704b, engagement grooves 721b and 722b for 
the tool engagement portion A4 of the tie rod A which are 
opened toward the outer peripheral surface are formed in the 

25 rotating bodies 721 and 722. When the phases of the engagement 
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grooves 721b and 722b of the rotating bodies 721 and 722 are 
set equal to the phase of the notch 704c (origin phase) , the 
tool engagement portion A4 can be inserted in the radial 
direction into the engagement grooves 721b and 722b through 
5 the notch 704c. A plate-shaped work guide 707 is screwed in 
the outside face of the side plate portion 704a located 
outside in the axial direction of the fixed casing 704, and a 
groove 707a into which the tool engagement portion A4 can be 
inserted in the radial direction is also formed in the work 

10 guide 707. The bottom portion of the groove 707a is formed in 
a semicircle concentric with the axial line L, and the 
diameter of the bottom portion of the groove 707a is equal to 
a circumscribed circle in a cross section of the tool 
engagement portion A4 . 

15 The first rotating body 721 is rotated in the normal and 

reverse directions by driving means 75. The driving means 75 
includes a servomotor 750 which is a drive source mounted on 
the base end portion of the wrench main body 70, a drive gear 

752 which is journaled in a portion near the fixed casing 704 
20 of the wrench main body 7 0 and driven by the servomotor 750 

through a chain 751 and a gear 751a, a pair of driven gears 

753 and 753 which is journaled in the fixed casing 704 through 
the shafts 705 and 705 so that the pair of driven gears 753 
and 753 is meshed with a teeth portion 721c formed in the 

25 outer periphery of the first rotating body 721, and first and 
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second intermediate gears 754 and 755 which are journaled in 
the fixed casing 704 through the support shaft 706 and the 
piston rod 74a, respectively, so that the drive gear 752 is 
coupled to the driven gears 753 and 753. 
5 The second rotating body 722 is formed so that it is 

braked by braking means 76. The braking means 76 includes a 
pair of brake shoes 761 and 761 which is journaled while 
freely oscillated through pins 760, respectively, so that they 
come into contact with and are separated from the outer 

10 periphery of the second rotating body 722, and a cylinder 7 63 
which is coupled to both the brake shoes 761 and 761 through 
wires 762 and 762 and mounted on the wrench main body 70. When 
the brake shoes 761 and 761 is pulled by the cylinder 763 
through the wires 762 and 762, the brake shoes 761 and 761 are 

15 pressed against the outer periphery of the second rotating 
body 722, which allows the second rotating body 722 to be 
braked. 

In the first rotating body 721, as shown in Fig. 10, a 
pair of clamping arms 77 and 77 located on both the sides of 

20 the engagement grooves 721b is pivoted about fulcrum pins 77a 
while freely oscillated in a groove width direction of the 
engagement grooves 721b. While a pin 722c studded in the 
second rotating body 722 is engaged with a cam groove 77b 
formed in each clamping arm 77, a pin 722d studded in the 

25 second rotating body 722 is made to abut on an outer periphery 



77c of the clamping arm 77, and one of clamping arms 77 and 77 
is oscillated toward the inside in the groove-width direction 
to grip the tool engagement portion A4 by the rotation in the 
normal and reverse directions of the second rotating body 712 
5 relative to the first rotating body 711. 

Seating sensors 781 and 782 are provided on the outer 
surface of the work guide 702 screwed in the movable casing 
701 and the outer surface of the work guide 707 screwed in the 
fixed casing 704, respectively. The seating sensors 781 and 

10 782 sense whether or not the object is present near both ends 
of the bottom surface of the insertion groove 700 in the front 
end portion of the open-end wrench 7, i.e. near the lower end 
of the groove 702a of the work guide 702 and the lower end of 
the groove 707a of the work guide 707. The seating sensors 781 

15 and 782 are photoelectric switch type sensors, and the seating 
sensors 781 and 782 are provided so that they scan near the 
lower ends of the grooves 702a and 707a. Therefore, when the 
tie rod is not present on a scanning line, the photoelectric 
switch is turned off. When the tie rod is present on the 

20 scanning line, the photoelectric switch is turned on. The 

detection data of the on state or off state is transmitted to 
the control computer 6. 

As shown in Fig. 5, the carriage 9 is supported by guide 
rails 92 while freely oscillated. The guide rails 92 are fixed 

25 to a guide frame 91 which is inclined so that it forms 
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predetermined angles between the vertical direction and the 
vehicle-length direction and between the vertical direction 
and the vehicle-width direction, respectively, (hereinafter 
the inclined direction referred to as "Z-axis direction") . The 
5 carriage 9 is freely elevated in the Z-axis direction by 
driving means (not in the figure) * 

As shown in Fig. 11, the support mechanism 8 includes a 
tilting member 80 which freely tilts the open-end wrench 7 in 
the vehicle-width direction on the plane parallel to the Z- 

10 axis, a rotating member 81 which is journaled in the tilting 

member 80 while freely rotated through a shaft 810 in a U-axis 
direction parallel to the plane, a first sliding member 82 
which is supported by the rotating member 81 while freely 
sliding along guide rails 820 fixed to the rotating member 81 

15 in a W-axis direction orthogonal to the U-axis direction, and 
a second sliding member 83 which is supported by the first 
sliding member 82 while freely sliding along guide rails 830 
fixed to the first sliding member 82 in a V-axis direction 
orthogonal to the U-axis and W-axis directions. The open-end 

20 wrench 7 is mounted on the second sliding member 83 so that 
the longitudinal direction of the open-end wrench 7 becomes 
parallel to the U-axis. 

Therefore, while the open-end wrench 7 can be moved in 
the vehicle-width and vehicle-length directions by the motions 

25 of both the first and second sliding members 82 and 83, the 
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open-end wrench 7 can be rotated about the axial line in the 
longitudinal direction of the open-end wrench 7 by the motion 
of the rotating member 81. A handle 84 for movement operation 
of the open-end wrench 7 is attached to the second sliding 
5 member 83. 

The tilting member 80 is supported while freely sliding 
along an arc guide rail 800 whose center is the front end 
portion of the open-end wrench 7, and the guide rail 800 is 
fixed to the carriage 9. Therefore, the open-end wrench 7 is 

10 tilted in the vehicle-width direction on the fulcrum of the 
front end portion of the open-end wrench 7 by the arc motion 
along the guide rail 800 of the tilting member 80. 

A servo cylinder 801 and a slide guide 802 for the servo 
cylinder 801 are mounted on the carriage 9. The servo cylinder 

15 801 is coupled to a coupling portion 80b which is attached to 
an arm 80a projected from the tilting member 80 while the 
coupling portion 80b is projected downward from the arm 80a. 
The servo cylinder 801 is a drive source for tilting the 
tilting member 80 along the guide rail 800, and a piston rod 

20 801a of the servo cylinder 801 is placed so that it is coupled 
to the coupling portion 80b and appears in the direction 
parallel to a tilting plane of the tilting member 80 and 
orthogonal to the U-axis. A tongue section 803 projected 
downward is attached to the lower end of the tilting member 80, 

25 and brakes 804 sandwiching the tong section 803 are attached 
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to the carriage 9. Therefore, the tilting member 80 can be 
locked at an arbitrary position by the action of the brakes 
804. When the brakes 804 are caused to be free, the tilting 
member 80 can be tilted by drive of the servo cylinder 801. 
5 When the brakes 804 are applied, the tilting member 80 can be 
locked at an arbitrary position. A lock cylinder 805 is also 
provided in the tilting member 80. The lock cylinder 805 
causes a piston rod (not shown) fitted into a hole (not shown) 
made in the carriage 9 to appear. The tilting member 80 is 
10 adapted to be locked at a predetermined neutral position by 
applying the brakes 804 while the piston rod is projected 
toward the direction of the carriage 9 and fitted into the 
hole . 

A tongue section 812a projected toward the radial 
15 direction is attached to a shaft 810 of the rotating member 81, 
brakes 812 sandwiching the tong section 812a are attached to 
the tilting member 80, and the rotating member 81 is locked at 
an arbitrary position by the action of the brakes 812. A lock 
cylinder 811 is vertically provided on an arm 80c projected 
20 from the tilting member 80. The lock cylinder 811 causes a 

tapered pin (not shown) fitted into a hole (not shown) made in 
the rotating member 81 to appear. The rotating member 81 is 
adapted to be locked at a predetermined neutral position by 
applying the brakes 812 while the tapered pin is projected 
25 upward and fitted into the hole. Even when the tapered pin is 
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sunk downward, a leading end of the tapered pin is tentatively 
in the hole, so that the rotating member 81 can be freely 
rotated within the range controlled by the leading end of the 
tapered pin. 

5 A servo cylinder 822 coupled to a rib formed on the 

first sliding member 82 and a cylinder 823 having a piston rod 
(not shown) for a stopper opposing to the rib are mounted on 
the rotating member 81. Similarly, a cylinder 832 coupled to 
the rib formed on the second sliding member 83 and a cylinder 

10 833 having a piston rod (not shown) for the stopper opposing 
to the rib are mounted on the first sliding member 82. The 
servo cylinders 822 and 832 are drive sources for causing the 
first sliding member 82 and the second sliding member 83 to 
slide in the W-axis direction and the V-axis direction, 

15 respectively. Brakes (not shown) for locking the first sliding 
member 82 at an arbitrary position are provided on the 
rotating member 81. While the piston rod of the cylinder 823 
is projected, the servo cylinder 822 is driven so that the 
piston rod abuts on the rib, and the brakes are applied in 

20 this state, which allows the first sliding member 82 to be 
locked at a predetermined neutral position. In a similar 
manner, brakes 831 for locking the second sliding member 83 at 
an arbitrary position are provided on the first sliding member 
82. While the piston rod of the cylinder 833 is projected, the 

25 servo cylinder 832 is driven so that the piston rod abuts on 
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the rib, and the brakes are applied in this state, which 
allows the second sliding member 83 to be locked at a 
predetermined neutral position. 

The servo cylinders 801, 822 and 832, and the brakes and 
5 lock cylinders associated with the servo cylinders 801, 822, 
and 832 are connected to and controlled by the control 
computer 6. 

Then, the effect of the embodiment will be described. 
The case in which the toe angle of the right-side front wheel 

10 2 is adjusted will be described here. Since the case with the 
left-side front wheel 2 is similar to the case with the right- 
side front wheel 2, the description will be omitted. 

In the case in which the toe angle of the front wheel of 
the vehicle is adjusted in the embodiment, while the frame 

15 body 301 is displaced in the arrow a direction in accordance 

with the vehicle width and the vehicle length of the vehicle W 
which is a measurement object, the first table 303 is 
displaced in the arrow b direction, and then the vehicle is 
caused to be entered and each wheel 2 is seated on the table 3. 

20 In this case, the wheel support roller 335 is deflected 

through the support shaft 333 in accordance with orientation 
of the seated wheel 2. 

Then, the drive cylinder 340 is driven to bring the 
wheel clamping devices 322 close to the wheel 2 along the 

25 guide rail 321, and the clamping rollers 328 abut on the tire 
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side face 201 of the wheel 2. A height of the clamping roller 
328 is previously adjusted by the elevating cylinder 329. In 
this case, because the clamping roller 328 follows the tire 
side face 201, the wheel clamping device 322 is rotated about 
5 the support shaft 306 through the bearing 310. 

When the clamping of the wheel 2 is completed, a 
distance X 4 between the laser sensor 5b and the a-direction 
position detection subject surface 331b of the wheel hold 
stage 331 and a distance Y 4 between the laser sensor 5a and the 

10 b-direction position detection subject surface 331a of the 
wheel hold stage 331 are detected with the laser sensors 5a 
and 5b, and the distance data X 4 and the distance data Y 4 are 
transmitted to the control computer 6. 

The control computer 6 calculates a horizontal direction 

15 position (X 5 , Y 5 ) in the center of the wheel 2 in the 

predetermined two-dimensional coordinate system (X, Y) on the 
basis of the received distance data X 4 and distance data Y 4 , 
the size data (X 2 , Y 2 ) of the wheel hold stage 331 which is 
stored in ROM, and the position data X 3 and position data Y 3 of 

20 the laser sensors 5a and 5b. In the embodiment, referring to 
Fig. 12, the horizontal direction position in the center of 
the wheel 2 is assumed to be equal to the horizontal direction 
position in the center of the table 3. The horizontal 
direction position (X 5 , Y 5 ) in the center of the wheel 2 is 

25 calculated by the following equations. 
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x 5 = x 3 + x 4 + X 2 /2 
Y 5 - Y 3 + Y 4 + Y 2 /2 

Then, the control computer 6 calculates a horizontal 
direction position (X T , Y T ) of the tie rod A on the basis of 
the calculated horizontal direction position (X 5 , Y 5 ) in the 
center of the wheel 2 and the relative position data (Xi, Yi) 
of the tie rod A which is stored in ROM (adjustment member 
position calculating means) . Specifically, the horizontal 
direction position (X T , Y T ) of the tie rod A is calculated by 
the following equations. 

Xt = Xi + X5 

Y T = Yi + Y 5 

When the horizontal direction position (X T , Y T ) of the 
tie rod A is calculated in the above-mentioned way, the 
carriage 9 of the tie-rod adjustment apparatus 4 is elevated 
up to a predetermined height in the Z-axis direction by the 
control of the control computer 6. At this point, the tilting 
member 80 and the rotating member 81 of the support mechanism 
8 are locked at the neutral position. 

Then, the rotating member 81 locked at the neutral 
position by the lock cylinder 811 is released by the control 
of the control computer 6 to further pull up the open-end 
wrench 7 in the Z-axis direction, and the servo cylinders 822 
and 832 are driven on the bases of the calculated horizontal 
direction position (X T , Y T ) of the tie rod A. Thus, the open- 
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end wrench 7 is adjusted in the positions in the vehicle-width 
and vehicle-length directions by utilizing the motions of the 
first and second sliding members 82 and 83, and the rod end A2 
and the tool engagement portion A4 of the tie rod A are 
5 inserted into the notch 701c of the movable casing 701 and the 
notch 704c of the fixed casing 704 of the open-end wrench 7 , 
respectively. Then, the tool engagement portion A4 and the rod 
end A2 are guided along the notches 701c and 704c by pulling 
up the open-end wrench 7, and the tool engagement portion A4 

10 and the rod end A2 are pulled into the engagement grooves 721b 
and 722b of the rotating bodies 721 and 722 of the rod 
rotating unit 72 and the engagement groove 710b of the 
rotating body 710 of the nut rotating unit 71 . At this point, 
the open-end wrench 7 follows the inclination in the vehicle- 

15 length direction of the tie rod A and is rotated about the U- 
axis by the motion of the rotating member 81. 

Then, the control computer 6 receives the pieces of 
detection data of the on state/off state of the seating 
sensors 781 and 782 located at the front end of the open-end 

20 wrench 7, and the control computer 6 decides whether or not 
the axial line of the tie rod A coincides with the rotating 
axial line of the first rotating body 721 on the basis of the 
detection data. Specifically, when both the seating sensor 781 
and the seating sensor 782 are in the off state, the control 

25 computer 6 decides that the axial line of the tie rod A 
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coincides with the rotating axial line of the open-end wrench 
7. When the seating sensor 781 is in the off state and the 
seating sensor 782 is in the on state, or when the seating 
sensor 781 is in the on state and the seating sensor 782 is in 
5 the off state, the control computer 6 decides that the axial 
line of the tie rod A does not coincide with the rotating 
axial line of the open-end wrench 7. 

When the control computer 6 decides that the axial line 
of the tie rod A does not coincide with the rotating axial 

10 line of the open-end wrench 7, the tilting member 80 locked at 
the neutral position by the lock cylinder 805 is released by 
the control of the control computer 6, the servo cylinder 801 
is driven until the seating sensor in the on state becomes the 
off state. Specifically, when the seating sensor 781 is in the 

15 off state and the seating sensor 782 is in the on state [see 
Fig. 13(a)], the piston rod 801a of the servo cylinder 801 is 
sunk to incline the open-end wrench 7 toward the left 
direction of Fig. 11 until the seating sensor 782 becomes the 
off state. When the seating sensor 781 is in the on state and 

20 the seating sensor 782 is in the off state [see Fig. 13(b)], 
the piston rod 801a of the servo cylinder 801 is projected to 
incline the open-end wrench 7 toward the right direction of 
Fig. 11 until the seating sensor 781 becomes the off state. At 
this point, the lock of the rotating member 81 is released, 

25 and the rotating member 81 follows the inclination in the 



vehicle-length direction of the tie rod A and is rotated about 
the U-axis when the tilting member 80 is tilted. 

When the axial line of the tie rod A coincides with the 
rotating axial line of the open-end wrench 7 as mentioned 
5 above, each of the members 80, 81, 82, and 83 of the support 
mechanism 8 is locked in this state. 

Then, the movable casing 701 is brought close to the 
fixed casing 704 to cause the socket portion 710c of the 
rotating body 710 of the nut rotating unit. 71 to be engaged 

10 with the locknut A3 which is previously released, the locknut 
A3 is whirl-stopped, and the second rotating body 722 of the 
rod rotating unit 72 is rotated in a desired direction by the 
servomotor 750 in this state. Therefore, the clamping arm 77 
provided on one side of the first rotating body 721 of the rod 

15 rotating unit 72 grips the tool engagement portion A4, the rod 
main body Al is rotated in the same direction as the second 
rotating body 722, and the length of the tie rod A is changed. 

When the length of the tie rod A, i.e. the toe of the 
front wheel 2 is adjusted to a target value, the rotation of 

20 the second rotating body 722 is stopped, and the rotating body 
710 of the nut rotating unit 71 is rotated by the nut runner 
730 to clamp the locknut A3. When the clamping is completed, 
while the socket portion 710c is caused to leave the locknut 
A3 by separating the movable casing 701 from the fixed casing 

25 704, the rotating body 711 of the nut rotating unit 71 and 



both the rotating bodies 721 and 722 of the rod rotating unit 
72 are rotated, respectively, until the phases of the 
engagement grooves 710b and 721b and 722b conform with the 
phases of the notch 701c of the fixed casing 701 and the notch 
5 704c of the movable casing 704, respectively. Finally, the 
carriage 9 is lowered by a rod-less cylinder 31 to cause the 
open-end wrench 7 to leave the tie rod A. 

In emergency, the tie-rod adjustment apparatus 4 of the 
embodiment can also manually be operated by an operator with 

10 the handle 84 for movement operation in a manner that the 

junction between the servo cylinder 801 and the tilting member 
80 and the junction between the servo cylinder 832 and the 
second sliding member 83 are released by unscrewing the 
attachment bolt. 

15 In the embodiment, assuming that the horizontal 

direction position in the center of the wheel 2 is equal to 
the horizontal direction position in the center of the table 3, 
the horizontal direction position (X 5 , Y 5 ) in the center of the 
wheel 2 is calculated. When the wheel 2 is seated on the table 

20 3 while the horizontal direction position in the center of the 
wheel 2 is displaced from the horizontal direction position in 
the center of the table 3, it is possible to calculate the 
horizontal direction position (X 5 , Y 5 ) in the center of the 
wheel 2 in consideration of the amount of displacement. In the 

25 embodiment, the horizontal direction position (X T , Y T ) of the 
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tie rod A is calculated on the basis of the horizontal 
direction position (X 5 , Y 5 ) in the center of the wheel 2 and 
the position data (Xi, Yi) of the tie rod A relative to the 
wheel 2. However, the present invention is not limited to the 
5 above-mentioned calculation. For example, it is possible that 
the horizontal direction position (X T , Y T ) of the tie rod A is 
calculated on the basis of the horizontal direction position 
(X 5 , Y 5 ) in the center of the table 3 and relative position 
information on the tie rod A with respect to the table 3 in 

10 the state in which the wheel 2 is seated on the table 3. 

In the embodiment, the case in which the position of the 
tie rod A is detected is described. However, the present 
invention is not limited to the case, and the present 
invention can be applied to any wheel tilting angle adjustment 

15 member which adjusts the tilting angle of the wheel 2. 

In the embodiment, the tie-rod adjustment apparatus 4 
which adjusts the tie rod A is described. However, the present 
invention is not limited to the above-mentioned tie-rod 
adjustment apparatus, and the present invention can be applied 

20 to any adjustment apparatus which adjusts an axle-shaped work 
with an open-end wrench. 

The present invention is not limited to the embodiment, 
and various modifications can be made according to the need. 
As can clearly be seen from the above explanation, in 

25 the present invention, even when irregularity in an entry 
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position is generated in each vehicle, the horizontal 
direction position of the table on which the wheel of the 
entry vehicle is seated is detected by the table position 
detection means, and the position of the wheel tilting angle 
5 adjustment member is calculated on the basis of the detection 
result, so that the position of the wheel tilting angle 
adjustment member can be detected without visual observation 
by the operator. 

Further, relative position information on the wheel 

10 tilting angle adjustment member with respect to the wheel, 
which is previously set for each vehicle type, is stored in 
the storage means, and the position of the wheel tilting angle 
adjustment member is calculated on the basis of the relative 
position information and the horizontal direction position of 

15 the table. Thus, the position of the wheel tilting angle 
adjustment member can be detected in accordance with 
difference in relative position of the wheel tilting angle 
adjustment member with respect to the wheel of each vehicle 
type. 

20 In the present invention, when the axle-shaped work is 

inserted into the insertion groove, the detection means 
detects whether or not the object, i.e. the axle-shaped work 
is present on both the ends of the bottom portion of the 
insertion groove in the open-end wrench. When the axle-shaped 

25 work is not present on one of both the ends, the drive 



mechanism controlling means controls the drive mechanism to 
change the angle of the rotating axial line of the rotating 
unit in the open-end wrench with respect to the axial line of 
the axle-shaped work, and the axle-shaped work is configured 
to be detected on both the ends. Thus, the state in which the 
axle-shaped work is detected on both the ends, i.e. the state 
in which the rotating axial line of the rotating unit of the 
open-end wrench coincides with the axial line of the axle- 
shaped work is obtained. Consequently, the rotating axial line 
of the rotating unit at the front end of the open-end wrench 
can be caused to coincide accurately with the axial line of 
the axle-shaped work without visual observation by the 
operator . 
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